risk of recurrence after surgery. 4 Notably, patients with tumor rupture, regardless of tumor location, tumor size, and mitotic count, are classified as high-risk in the modified NIH criteria, because tumor rupture into the enterocoelia that occurs either spontaneously or during surgery increases the risk of tumor cell dissemination. Tumor rupture can predict survival independent of the size, mitotic count, and location of the tumor. 5 However, whether GI bleeding indicates tumor rupture in the alimentary canal and can impact survival is unknown. Our previous study demonstrated that, compared to GIST patients with GI bleeding, patients without GI bleeding showed an inferior relapse-free survival (RFS). 5 However, several recent studies have reported that GI bleeding is a negative prognostic factor. 6, 7 However, these were both retrospective studies, and the reliability of these statistical results might be weakened because some characteristics that influenced prognosis were significantly different between patients who did and did not have GI bleeding. [6] [7] [8] Hence, the prognostic impact of GI bleeding on GIST remains to be clarified. With the aim of achieving a more credible conclusion, the latest data from GIST patients in the Union Hospital, Tongji Medical College, Huazhong University of Science and Technology were collected, and propensity score matching (PSM), which can balance the covariates and confounders in nonrandomized studies, 9 was performed. Moreover, subgroup analysis based on tumor location was conducted to further explore GI bleeding in GIST patients.
| MATERIALS AND METHODS

| Patients
Between January 2005 and December 2017, 1027 patients were diagnosed with primary GIST at the Union Hospital, Tongji Medical College, Huazhong University of Science and Technology. Among them, 800 patients were enrolled in this study. The exclusion criteria were as follows: (1) extra-GI stromal tumors, (2) distant metastasis or invasion of the adjacent organs, (3) R1 or R2 resection, and (4) missing data and incomplete variables. Patients were divided into 2 groups: those who presented with GI bleeding (GB group) and those who presented without GI bleeding (NGB group). Demographic and clinicopathological data were collected and recurrent risk assessment was conducted according to the modified NIH criteria. 4 The flow chart for extracting eligible cases and grouping is demonstrated in Figure 1 . This study was approved by the Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology.
| Follow-up
Postoperative follow-up was performed routinely (3-6 months) by specially trained researchers. The followup information, including adjuvant therapy, recurrence, and death were collected. The latest follow-up date for the study was 1 July 2018. RFS was defined as the time from surgery to the first diagnosis of recurrent disease, and overall survival (OS) was defined as the time from surgery to death.
| Propensity score matching
Propensity score matching was performed to eliminate the different distributions of covariates among individuals in the 2 groups. Seven covariates (age, gender, tumor location, tumor size, mitotic rate, tumor rupture, and adjuvant imatinib treatment) were selected to calculate the propensity score. Tumor rupture was strictly defined as tumor spillage or fracture, piecemeal resection, incisional biopsy, gastrointestinal F I G U R E 1 Patient selection flowchart perforation to the abdominal cavity, or blood-tinged ascites. The PSM was conducted based on the logic of the propensity score and one-to-one nearest neighbor matching. The caliper was 0.02. The balance of covariates after matching was assessed using the standardized difference. 
| Statistical analysis
Quantitative data were expressed as mean ± SD, and the differences were compared using an independent t test. The Chi-square test or Fisher's exact test was used to compare differences in categorical data from different groups. Univariate and multivariate logistic regression models were constructed to explore the association of demographic and clinicopathological characteristics with GI bleeding. The survival curves were plotted by the KaplanMeier method and the difference was compared by log-rank test. SPSS software (SPSS 20.0, Chicago, IL, USA) was used for data management and statistical analyses. PSM was performed using Stata 14.0 (StataCorp, College Station, TX, USA). A 2-tailed P < 0.05 was considered statistically significant. 
| RESULTS
| Demographic data and clinicopathological characteristics
The characteristics of the entire cohort and the propensity score-matched groups are shown in Table 1 . Among the entire cohort, the median age was 56 years, and 436/800 (54.5%) of patients were men. According to the modified NIH classifications, 166/800 (20.8%) cases were classified as very low risk, 260/800 (32.5%) as low risk, 105/800 (13.1%) as intermediate risk, and 269/800 (33.6%) as high risk. Before PSM, significant imbalances in gender (P = 0.004), age (P = 0.008), tumor location (P < 0.001), tumor size (P = 0.009), recurrence risk (P = 0.011), and adjuvant imatinib therapy (P = 0.0037) were found between the 2 groups. After PSM, 222 patients comprised each of the 2 groups, and all baseline variables were more balanced (P > 0.05).
| Factors associated with GI bleeding
Univariate analysis identified a number of factors associated with increased odds of GI bleeding, including male gender [odds ratio(OR) = 1.572, P = 0.004], tumors located in the small intestine (compared to tumors located in the stomach, OR = 2.685, P < 0.001), and tumor size 5-10 cm (compared to tumor size >10 cm, OR 2.132, P = 0.007).
Patients >60 years had decreased odds of GI bleeding (OR = 0.637, P = 0.008). Multivariate analysis showed a similar result. Male patients (OR = 1.517, P = 0.011), those with tumors in the small intestine (compared to those with tumors located in the stomach, OR = 2.539, P < 0.001), and those with tumors 5-10 cm (compared to tumors >10 cm, OR 2.298, P = 0.004) had increased odds of GI bleeding, whereas patients >60 years had decreased odds of GI bleeding (OR = 0.683, P = 0.031). The logistic analysis of factors associated with GI bleeding are reported in Table 2 .
| Survival analysis
The median follow-up time in the entire cohort was 43 (range, 3-150) months. Before PSM, the GB group showed a better RFS (P = 0.003) and OS (P = 0.003) than the NGB group. After PSM, the 1-, 3-, and 5-year RFS rates in the GB group were 97.6%, 91.2%, and 87.4%, respectively, and the corresponding rates in the NGB group were 95.1%, 85.5%, and 74.3%, respectively. The 1-, 3-, and 5-year OS rates in the GB group were 99.0%, 96.8%, and 93.0%, respectively, and the corresponding rates in the NGB group were 98.6%, 91.7%, and 83.4%, respectively. RFS (P = 0.001) and OS (P = 0.002) were both superior in the GB group. KaplanMeier curves are shown in Figure 2 .
On multivariate Cox regression analysis, GI bleeding was identified as an independent factor associated with better RFS [hazard ratio (HR) = 0.472, P = 0.001] and OS (HR = 0.441, P = 0.005; Table 3 ). Age (P = 0.001), tumor location (P < 0.001), tumor size (P < 0.001), and mitotic index (P < 0.001) were statistically significant independent predictors of RFS in the multivariate analysis, and age (P = 0.007), tumor size (P = 0.004), mitotic index (P < 0.001), and adjuvant imatinib therapy (P = 0.009) were independent risk factors of OS.
| Subgroup analysis based on tumor location
In the PSM groups, there were 212/444 (47.8%) patients with tumors in the stomach, 211/444 (47.5%) patients with tumors in the small intestine, and 21/444 (4.7%) patients with tumors in the colorectum. The baseline characteristics between the GB and NGB groups remained well balanced among patients with GIST derived from different regions of the GI tract (Table 4) . Subgroup analysis demonstrated no significant difference in RFS and OS between the 2 groups in patients with tumors in either the stomach or the colorectum (all P > 0.05). However, in patients with GIST located in the small intestine, the GB group had a superior RFS (P = 0.005) and OS (P = 0.007) to the NGB group. Kaplan-Meier curves are shown in Figure 3 .
| DISCUSSION
Patients with GIST may present with a variety of nonspecific symptoms, including abdominal pain, bloating, GI bleeding, fatigue from anemia, and obstruction, depending on the site, size, and growth pattern of the tumor. 11 About 23%-40% of patients initially manifest with GI bleeding, 12-14 which may
F I G U R E 2
Comparison of relapse-free survival between the GB group and NGB group before (A) and after (C) propensity score matching. Comparison of overall survival between the GB group and NGB group before (B) and after (D) propensity score matching. GB group, gastrointestinal bleeding group; NGB group, non-gastrointestinal bleeding group be caused by ulceration or mucosal invasion. 6, 15, 16 While "tumor rupture," an established concept in GIST, 5, 17, 18 has been inconsistently defined as R1 resection, gross tumor spillage, and even mucosal perforation, 5, [19] [20] [21] [22] whether GI bleeding is a kind of tumor rupture and increases the risk of recurrence or metastasis is unknown. There is insufficient evidence because studies focused on GIST patients with GI bleeding are rare, and the previously published studies are retrospective studies based on a limited sample size. This study is the first study using PSM to investigate GI bleeding in GIST, and had a relatively larger sample size. We demonstrated that GIST patients with GI bleeding have superior oncological outcomes to those without GI bleeding. Among the entire cohort, the GB group and the NGB group showed significant differences in gender, age, tumor location, tumor size, and recurrence risk. Therefore, we conducted a logistic analysis to screen out the factors associated with GI bleeding. The analysis showed that tumors located in the small intestine were more prone to present with GI bleeding, which is consistent with the results reported by Liu et al 6 In addition, our study found that patients with tumors 5-10 cm in size had a higher risk of GI bleeding than patients with tumors >10 cm. This may be associated with the growth pattern of GIST, which can be defined as endoluminal, exophytic, or mixed (dumbbell-shaped). 23 Kang et al 24 reported
T A B L E 3 Univariate and multivariate relapse-free and overall survival analysis
that smaller masses and lesions often protrude into the lumen, whereas larger masses and tumors often demonstrate an exophytic pattern of growth, toward the peritoneal cavity. Therefore, larger tumors may feature exophytic patterns of growth and have a lower risk of causing ulceration or mucosal invasion of the GI tract. In contrast, tumors 5-10 cm in size might demonstrate endoluminal or mixed patterns, and therefore have a higher risk of GI bleeding. Several retrospective studies have shown that GI bleeding was a risk factor for poor prognosis in GIST patients. 6, 7, 25, 26 However, our previous study demonstrated that GI bleeding was a positive factor for RFS, and this study, which balanced the demographic data and clinicopathological characteristics between the 2 groups by PSM, showed that the GB group had superior RFS and OS. Multivariate Cox regression analysis identified age, tumor location, tumor size, mitotic index, and adjuvant imatinib treatment as independent risk factors of prognosis, which was consistent with previous studies. 5, [27] [28] [29] Moreover, it also found that GI bleeding was a positive prognostic factor. Therefore, GI bleeding in GIST patients does not appear to act like tumor rupture or tumor necrosis, which is associated with poor clinical outcomes. 5, 30 Additionally, as
GISTs derived from different parts of the GI tract have different malignancy potentials 31, 32, 33 and varying risks of GI bleeding, we conducted subgroup analysis based on tumor location. The log-rank test revealed that the GB group had a superior outcome to the NGB group in GIST of the small intestine, whereas the difference in prognosis between the 2 groups was insignificant in GISTs of the stomach and colorectum.
F I G U R E 3
Comparison of relapse-free survival between the GB group and NGB group with GIST located in the stomach (A), small intestine (B), and colorectum (C) after propensity score matching. Comparison of overall survival between the GB group and NGB group with GIST located in the stomach (D), small intestine (E), and colorectum (F) after propensity score matching. GB group, gastrointestinal bleeding group; NGB group, nongastrointestinal bleeding group
The better outcomes of the GB group used to be attributed to the smaller size of the tumor. 8 However, this study eliminated the difference in tumor size between the 2 groups and found that the superior outcome of the GB group was mainly because of improved outcomes in small intestine GIST. Considering that GI bleeding might make patients more vigilant than other nonspecific symptoms, such as abdominal pain or bloating, and the smaller cavity channel of the small intestine might cause an earlier presentation of bleeding than other locations, this special symptom could induce earlier medical treatment, thereby generating a superior outcome in small intestine GIST. Whether GIST with higher bleeding risk has a lower aggressive ability and whether GI bleeding can be a potential factor for risk classification of GIST needs further study. It is infeasible to conduct a prospective randomized study to compare the clinicopathological characteristics and prognosis between GIST patients with and without GI bleeding. Therefore, PSM, which is widely used in retrospective studies, [32] [33] [34] was performed here to eliminate the confounders between the 2 groups. Though some potential factors that influence the outcome of GIST patients may exist that were not included in the calculation of the propensity score, to the best of our knowledge, this study is the most sophisticated study focusing on GI bleeding in GIST patients. However, this was a study at a single center with a relatively limited number of patients, and a larger multicenter study is needed to verify its conclusions.
| CONCLUSIONS
In summary, GIST patients with age < 60, male gender, tumors located in the small intestine, and tumors 5-10 cm in size were more likely to manifest with GI bleeding. Compared with the NGB group, the GB group had a superior RFS and OS. This difference was statistically significant in small intestine GIST, but not in stomach or colorectal GIST.
